Abstract: Phenolic compounds in wines, especially in red wines, possess strong antioxidant activity, have the largest effect in decreasing atherosclerosis by both hypolipemic and antioxidant mechanisms. The long-term uptake of red wine has a positive impact on antioxidant activity (AA) of blood plasma in rats in vivo and increases AA by 15%-20% compared to a control group. In the article the effect of total phenolics (TP), total anthocyanins (TA), individual anthocyanins, procyanidins and phenolics contained in red grapes, musts, grape seeds and skins and wines on the AA is discussed. Signifi cant impact of varieties, viticultural regions and locations, climate conditions and vintage has been shown. Likewise, the ways and individual stages of the vinifi cation technology process, and storage conditions affect color, TP, TA, and AA and health aspects of produced wines. Resveratrol, another free radical scavenger mainly contained in the skins of grapes, inhibits the risk of cardiovascular diseases. Higher amounts of trans-resveratrol (RES) have been found in wines from cool and wet climate regions and lesser amounts are typical for warm and dry regions. Changes in the TP content and AA affected by grape variety, vineyard location and winemaking process in white and blue varieties from different vineyards of the Czech Republic were studied. Signifi cant differences in TP among varieties were found. Analysis of variance showed statistically high differences among red and white wines and growing locations. Wines differed signifi cantly in TP content and AA increased signifi cantly during the winemaking process. Statistically signifi cant differences in AA values were found among growing areas, wines and varieties. Signifi cant positive correlations between TP and AA were determined. Total antioxidant status (TAS) of white and red wines (white and blue vine varieties) determined by DPPH and ABTS assays revealed signifi cant differences in AA between white and red wines. Moreover, differences were ascertained between individual varieties of red wine. The results obtained supported the assumption that variety plays a considerable role in TAS; the blue vine varieties showed a much higher TAS. Analysis of variance in AA showed statistically high signifi cance between red and white wines. AA increased during the winemaking process, the highest increase was determined during fermentation and maturation stages of red wine.
Introduction
It was recently determined that moderate red wine consumption improves endothelial function in normal volunteers and oxidative stress in patients with an acute coronary syndrome. 1 The "antioxidant power" of a food is an expression of its capability both to defend the human organism from the action of free radicals and to prevent degenerative disorders deriving from persistent oxidative stress.
total cholesterol concentrations and wine polyphenols may be particularly useful in preventing Alzheimer's disease. 6 Other mechanisms involving phenolics, such as inhibition of platelet aggregation and infl uence on prostaglandin synthesis, are also recognized as contributory in preventing cardiovascular diseases. 7 The polyphenolic contents of wine consist of fl avonoids and nonfl avonoids and depend on the grape variety, vineyard location, cultivation system, climate, and soil type, vine cultivation practices, harvesting time, production process, and aging. The polyphenolic molecules have a functional role in that they behave as antioxidants against the free radicals and show a physiological role as well; in fact, they increase the antioxidant capacity in the human body after red wine consumption. 8 Functional ingredients of grape seeds, skins and musts include phenolics such as monomeric fl avanols catechin and epicatechin, dimeric, trimeric and polymeric proanthocyanidins, phenolic acids (gallic acid and ellagic acid) and anthocyanins. 9, 10 Polyphenolic antioxidants of grape are very effective in preventing cancer and cardiovascular diseases. 11 These phenolics were reported to exhibit antioxidant activity in vivo and in vitro in a number of studies [12] [13] [14] [15] and are more effective than vitamin C and E. 7 The highest values of antioxidant activity, inhibition of low-density lipoproteins and total polyphenols were determined in pomace, grapes and must. 16 Grape skins proved to be rich sources of anthocyanins, hydroxycinnamic acids, fl avanols and fl avonol glycosides, 17 whereas fl avanols are mainly present in seeds 18 and could exert antibacterial activities. 19 Katalinić and colleagues 20 elucidated different reducing/antioxidant power of red and white wines in view of their different phenolic composition. Another important compound contained in wine and grapes is resveratrol, which is a free radical scavenger and inhibits the risk of cardiovascular diseases. 21 Resveratrol behaves as a powerful antioxidant, both via classical, hydroxyl-radical scavenging and via a novel, glutathione-sparing mechanism. 22 The French have low coronary heart disease mortality with high fat consumption; this epidemiological anomaly is known as the "French Paradox" and is commonly attributed to the consumption of red wine. 5, 23 Red wine is a complex fl uid containing grape, yeast, and wood-derived phenolic compounds, the majority of which have been recognized as potent antioxidants. 24 Assessment of the antioxidant activity of a serving of 100 g fresh weight fruit, vegetables and beverages 25 confi rmed very high antioxidant activity of red wine: 1 glass (150 mL) red wine = 12 glasses white wine = 2 cups of tea = 4 apples = 5 portions of onion = 5.5 portions of egg plant = 3.5 glasses of blackcurrant juice = 3.5 (500 mL) glasses of beer = 7 glasses of orange juice = 20 glasses of apple juice. Antioxidant capacity of wine on human low-density lipoprotein (LDL) oxidation and antiplatelet properties are related to the content of polyphenols contained in wines, which improve aortic biomechanical properties. Wine may be protective against oxidative stress leading to hypertension, insulin resistance, and type 2 diabetes. 26 Red wine has a benefi cial effect on the modulation of endothelial progenitor cells, which play a signifi cant role in regeneration of damaged blood vessels. 27 Probit analysis of the antitumorigenic activities of four major red wine polyphenols revealed that quercetin was the most and gallic acid the least effective. 28 Nevertheless, red wine phenolics can also interact with iron and protein in the lumen during digestion and, consequently, decrease the antioxidant capacity of phenolics. 29 Likewise, a part of wine polyphenols (35%-60% of total polyphenols in red wine and about 9% in white wine) are associated with dietary fi bre, are not bioaccesible in the human small intestine, and reach the colon along with dietary fi ber. 30 Content of polyphenols, composition of phenolic complex and antioxidative or antiradical capacity of wines could be affected by many extrinsic and intrinsic factors, such as variety, wine growing area and climatic conditions, quality of wine, and, not least, technological procedures during wine-making. 31 Color evolution during vinifi cation and aging has been attributed to the progressive changes of phenolic compounds extracted from grapes. 32 In recent years, many studies focused on the dynamics of polyphenol extraction during maceration processes of grape varieties. 33 What is important is the evolution of grape polyphenol oxidase activity and phenolic content during wine maturation and vinifi cation, changes and evolution of polyphenols in young red wines, and changes of the hydrophilic and lipophilic antioxidant activity of white and red wines during the wine-making process. 34 Some authors put more emphasis on the maceration process, 36 others on grape maturation, 35 when quantitative changes in oligomeric phenolics occur. In addition, changes in antioxidant capacity of Tanat red wines during early maturation were reported. 36 The aging of sparkling wines manufactured from red and white grape varieties 37 and different copigmentation models by interaction of anthocyanins and catechins play an important role during the aging process of wine. 38, 39 Phenolic content and antioxidant activity could also be affected by storage conditions or a conventional or ecological way of wine production.
anthocyanins, catechins and oligomeric proanthocyanidins) partially extracted during wine-making. 41 Catechin oligomers, proanthocyanidin dimers and trimers, along with other monomeric wine phenolics were extracted and then purifi ed from grapes and grape seeds 42 and tested for their inhibition of LDL oxidation. Among the various phenolic antioxidants present in red wine, (+)-catechin, (−)-epicatechin, proanthocyanidins, anthocyanins, resveratrol, quercetin and its glycoside (rutinoside) rutin (Figures 1, 2) are the most potent, 43 since they have been found to protect human LDL against oxidation more effi ciently than α-tocopherol on a molar basis. peonidin, petunidin, delphidin and cyanidin found also in Vitis vinifera cell suspension cultures ( Figure 1 , Table 1 ). 45 Coumaroylated-glucoside derivatives of malvidin, petunidin, peonidin, and delphinidin were observed and acetylated glucosides of peonidin, petunidin and malvidin were identifi ed. 46 Red wines contain carboxypyranomalvidine glucosides -vitisins: vitisin A -5-carboxypyranomalvidin-3-O-β-D-glucoside 47 and vitisin B -pyranomalvidin-3-O-β-D-glucoside (Figure 3 ). Proanthocyanidins are contained especially in grape seeds. 48 In Portuguese red wines from Dão region as major anthocyanin malvidin-3-glucoside and from volatile phenols 4-ethylguaiacol was identifi ed. 49 By analysis of nonanthocyanin phenolics in red wine it was found 50 that phenolic acids predominated over fl avonoids with major gallic acid and in lesser amounts present caffeic, p-coumaric, trans-caffeoyltartaric and trans-p-coumaroyltartaric acids. In grape seeds monomeric fl avanols (catechin and epicatechin), dimeric, trimeric and polymeric proanthocyanidins, and phenolic acids (gallic and ellagic acid) are contained. 10 The evaluation of young and briefl y aged red wines made from single cultivar grapes grown in the warm climate region of La Mancha (Spain) revealed the varietals' differentiation of these wines based on anthocyanin, fl avonol and hydroxycinnamic profi les. 51 Flavonoids, as well as abundant anthocyanins, especially malvidin-3-O-glucoside could contribute to copigmentation. 52 In Muscatel wines produced in Portugal resveratrol, piceid, gallic acid, protocatechuic acid, catechin, quercetin and quercetin glycosides were determined. 53 These phenolics were reported to exhibit antioxidant activity in vivo and in vitro in a number of studies [12] [13] [14] [15] and are more effective than vitamin C and E. 7 The highest values of antioxidant activity, inhibition of low-density lipoproteins and total polyphenols were determined in pomace, grapes and must. 16 Grape skins proved to be rich sources of anthocyanins, 17 hydroxycinnamic acids, fl avan-3-ols (class of reduced fl avonoids with 2-phenyl-3,4-dihydro-2H-chromen-3-ol skeleton) and fl avonol glycosides, whereas fl avan-3-ols are mainly present in seeds 18 and could exert antibacterial activities. 19 Different reducing/antioxidant power of red and white wines in view of their different phenolic composition was recently elucidated. 20 Another important compound contained in wine and grapes is resveratrol (Figure 4 ), which is a free radical scavenger and inhibits the risk of cardiovascular diseases. 21, 54 Resveratrol is mainly contained in the skins of grapes. 55 High amounts of trans-resveratrol were found in wines from Bordeaux, Burgundy, Switzerland, and Oregon and, on the contrary, lower amounts are typical of Mediterranean regions. 21 During an attack of Botrytis cinerea the plant forms a resveratrol barrier. 56 In recent time, Barger and colleagues 57 reported that resveratrol in high doses (4.9 mg/kg/day), has been shown to extend lifespan in some studies in invertebrates and to prevent early mortality in mice fed a high-fat diet. In grape berries of some varieties piceid, a stilbene glucoside of resveratrol ( Figure 5 ), was also detected, which is related to the biosynthesis of resveratrol and its levels in wine could affect the physiologically available amounts of resveratrol to consumers of wine. Together with resveratrol, its oligomers: dimer trans-ε-viniferin ( Figure 6 ) and trimer α-viniferin, also occur in wines. 58 Two years ago twenty four phenolic compounds were identifi ed in Sicilian red wines (their structures and classifi cation are described in Figures 1-5 and Table 1 ). 59 Recently it was found that concentrations of gallic acid, monomeric catechin, and epicatechin were lower in the winery by-product grape skins than in the seeds. 16 Grape seeds contained the highest quantities of proanthocyanidins (condensed tannins). 48 Especially dimeric, trimeric, oligomeric, or polymeric proanthocyanidins account for most of the superior antioxidant capacity of grape seeds. 9, 10 However, grape skins could be rich sources of anthocyanins, hydroxycinnamic acids, fl avanols, and fl avonol glycosides. 18 Contrary to TP the highest trans-resveratrol content (RES) was found in the grape skins and its levels were higher in comparison with the seeds apparently due to relation with the Botrytis infestation. 54 Free trans-resvetratrol in the musts was contained mainly below the detectable limit. In agreement with Nikfardjam and colleagues, 60 results of Šulc and colleagues 61 show that RES is mainly dependent on variety and vintage year. As expected, signifi cant varietal differences and differences between the blue and white grape varieties were confi rmed. All average TP contents were higher in the blue varieties (282.7 mg/g DM in grape skins, 546.3 mg/g DM in seeds and 326.7 mg/L in must) when compared with the white varieties (149.6 mg/g DM in skins, 531.2 mg/g DM in seeds and 242.9 mg/L in must). These re sults are in full accordance with the results of Peña-Neira and colleagues 62 and Cantos and colleagues. 63 The highest TP contents were found in the blue Zweigeltrebe, higher TP contents were found in the blue grape varieties Alibernet and St. Laurent. On the contrary, lower TP contents were found in the white grape varieties. by hydrolyzing resveratrol glucoside piceid. 64 The methyl jasmonate/sucrose treatment was effective in stimulating phenylalanine ammonia lyase, chalcone synthase, stilbene synthase, UDP glucose:fl avonoid-O-glucosyltransferase, proteinase inhibitor and chitinase gene expression, and triggered accumulation of both piceids and anthocyanins in cells, and trans-resveratrol and piceids in the extracellular medium. 65 Hence, methyl jasmonate treatment might be an effi cient natural strategy to both protect grapevine berries in the vineyard and increase trans-resveratrol content in grapes and wines. Analogically Nikfardjam and colleagues 66 investigated trans-resveratrol content in quality Hungarian and German wines from botrytized grapes and determined these values as very high, which is particularly true for the Tokay wines. Another approach is use of an organic way of cultivation. 67 Organic grape juices showed statistically different (p Ͻ 0.05) higher values of total polyphenols and resveratrol as compared conventional grape juices. Purple juices presented higher total polyphenol content and in vitro antioxidant activity as compared to white juices, and this activity was positively correlated with total polyphenol content. Fuhrman and colleagues 68 have been looking for a way of making white wine with higher polyphenol levels. Whole, crushed grapes were stored for different lengths of time before removing the skins, and they tried adding various concentrations of ethanol to see if that aided polyphenol extraction. Leaving the skins with the juice for two to 18 hours gave a gradual increase in the white wine's polyphenol content, though it was still 10 times less than red. Adding alcohol gave 60% higher polyphenol levels, in a dessert wine with a fi nal alcohol content of 18% and high sugar content. Its antioxidant capacity was directly proportional to its polyphenol content. It was concluded that processing white wine by imposing a short period of grape skin contact in the presence of alcohol leads to extraction of grape skin polyphenols and produces polyphenol-rich white wine with antioxidant characteristics similar to those of red wine. Another approach is to enhance procyanidin oligomers in Tannat red wine. In young wines, procyanidins are found mainly in dimeric and trimeric form and in aged wines the relative degree of polymerization increases to 8-10. There is an interest in developing grape varieties with high anthocyanin levels with antioxidative and antiproliferative properties through traditional breeding of selected high-polyphenol grape lines. 46 Talcott and colleagues 69 evaluated changes in maximum absorbance, total soluble phenolics, isofl avonoids, and anthocyanins in muscadine juice and wine following the addition of isofl avonoid extracts from red clover with maximum color enhancement found at an anthocyanin to cofactor ratio of 1:8. Thus, red clover isofl avonoids proved to be novel and effective color-enhancing compounds when used in low concentrations in young muscadine wines.
Increasing of trans-resveratrol and phenolics in wines
Relationship between antioxidant activity, polyphenolic antioxidants, and resveratrol in grape musts, skins, and seeds Šulc and colleagues 18 analyzed 25 samples of grape must, skins, and seeds ( Table 2 ). The average determined TP content was the highest in seeds (536.6 mg/g DM); lesser concentrations were found in must (273.1 mg/L) and skins (165.9 mg/g DM). Seeds contained 3.2 times more TP than grape skins.
AA was measured in grape skins and seeds employing DPPH assay. It follows from the results that AA expressed in ascorbic acid equivalents (AAE, mg/mL) was higher in grape skins of the white grape varieties (0.3 AAE) in comparison with the blue grape varieties (0.2 AAE), while in seeds the results were reciprocal (1.0 AAE in the blue grape varieties and 0.8 AAE in the white grape varieties). Total fl avanols contributed to hydroxyl free radical scavenging effi cacy and to a lesser extent to antiradical and reducing ability, 70 whereas there was a less signifi cant relationship between the antioxidant properties and the total phenolics and only a weak relationship to total anthocyanin content. Kallithraka and colleagues 71 also revealed a low and statistically insignifi cant correlation between antiradical activity determined by DPPH assay and total anthocyanin content. Thus, AA estimated using the dipyridyl method, will be dependent on special phenolics content, especially in seeds. Red wine, white wine, and grape juices were characterized by strong antioxidant potential in a similar way. 72 Also grape juice and wine vinegar were confi rmed as good dietary sources of antioxidants. 73 Condensed tannins (oligomeric and polymeric polyphenols) are considered superior antioxidants as their eventual oxidation may lead to oligomerization via phenol coupling and enlargement of the number of reactive sites. 74 In addition, gallic acid, monomeric catechin, and epicatechin -three major phenol constituents of grape seeds -contribute to antioxidant capacity in a greater deal. Thus, functional ingredients of grape seeds -monomeric fl avanols (catechin and epicatechin), dimeric, trimeric and polymeric proanthocyanidins, and phenol acids (gallic acid and ellagic acid) seem to be major contributors to antioxidant and antiradical activity. 9, 10 In addition, resveratrol has stronger ability to inhibit lipid peroxidation as compared with other antioxidants. 75 De Beer and colleagues, 76 analyzing 139 Pinotage wines, suggested that synergy between phenol compounds does play a role in the wine TAC (16%-23% synergic antioxidant activity).
Antioxidant and vasodilatation activity is correlated with the total phenol content and is especially associated with the content of gallic acid, resveratrol and catechin. 77 Total antioxidant activities of foods (determined against DPPH
• ) are well correlated with total phenols (r 2 = 0.95). 7, 12, 15 Also the assessment of the in vitro antiradical activity employing the stable radical DPPH
• showed that there is a signifi cant correlation with total polyphenol content (r 2 = 0.6499, p Ͻ 0.01), but the most effective was shown to be procyanidin in grape seed extracts (r 2 = 0.7934, p Ͻ 0.002). 78 A relatively high correlation in red wine between oxygen radical absorbance capacity and malvidin glucosides (r 2 = 0.75, p Ͻ 0.10), and proanthocyanidins (r 2 = 0.87, p Ͻ 0.05) and white wines trimeric proanthocynidin fraction (r 2 = 0.86, p Ͻ 0.10) was found. 79, 80 In contrast to these studies Zafrilla and colleagues 40 did not fi nd a signifi cant relationship between the total concentrations of phenol compounds in conventional and ecological red and white wines and the antioxidant activity determined by DPPH assay (p Ͻ 0.05).
Moderate consumption of red wine has been associated with lowering the risk of developing coronary heart disease. 81 A close relationship between total phenolic content and total antioxidant potential for wines, especially red wines in vitro was found recently. 82, 83 Wine polyphenols could reinforce the endogenous antioxidant system and thereby diminish oxidative damage. 84 Anthocyanidins also inhibit malignant cell survival. 85 Studies in long-term models to understand the relationship between the bioavailability of polyphenols and their biological effects are still lacking. Šulc and colleagues 86 assayed to prove the hypothesis that the AA of red wine from the Czech Republic (Blue Burgundy) is positively correlated with the AA of blood plasma in rats in vivo, after long-term wine consumption (Figure 7) . Red wine increased antioxidant activity of blood plasma by approx. 6%-12%. At p = 0.05 statistically signifi cant differences between the control and application groups were found. Both, red wine polyphenols and induction of plasma urate elevation could contribute to increase of plasma antioxidant capacity and thus involve two separate mechanisms in elevation of AA plasma values.
86,87
Factors infl uencing levels of major antioxidants and antioxidant activity in grapes and wines
Effect of grape/vine varieties and cultivars
Grape must contains relatively high content of total polyphenols (Table 3) . Among analyzed blue grape varieties, the highest amount was determined in cv. Royal (427 mg/L); lesser contents were found for Blue Burgundy (231 mg/L) and St. Laurent (236 mg/L). Signifi cantly lesser contents were found in white varieties: the highest content is characteristic for Muscat Ottonel (267 mg/L), the lowest one in Bacchus (116 mg/L) and Early Red Veltliner (160 mg/L). 88 From the evaluation of the phenol potential of Tannat, Cabernet-Sauvignon, and Merlot grapes 89 and its correspondence with the color and composition of the respective wines resulted that Tannat grapes presented anthocyanin and total polyphenols contents signifi cantly higher. In sixteen red grape cultivars stronger correlation between antioxidant activity and total polyphenol content than antioxidant activity and total anthocyanins was determined 90 Signifi cantly higher amounts of total phenols, fl avonoids, and antioxidant activities in red wines compared to white wines were demonstrated elsewhere, eg, in selected wines produced in the northeast of Thailand 93 or in white, rosé, and red commercial Terras Madeirenses Portuguese wines from Madeira Island. 94 From the statistical variance analysis, signifi cant differences (p Ͻ 0.05) were found between vintages for total polyphenols. 88 Also between total polyphenol content in grape skins and seeds and between variety and the part of the plant signifi cant differences were proved. For the trans-resveratrol content vintages were signifi cantly different: skins and seeds and vintage and the part of the plant. In trans-resveratrol content in the skins and the seeds, no statistical differences among varieties were found. All analyzed varieties were cultivated under the same conditions of microclimate, soil and cultivation procedures. The blue vine varieties contained higher amounts of polyphenolic compounds in comparison with the white varieties due to enhanced biosynthesis of colorants and condensed tannins, which is in good correlation with the previous reports. 14, 17, 63, 95 The total polyphenol concentration is principally correlated with the antioxidant potency and the antiradical activity 96 and a good correlation between the total polyphenol content and their antioxidant power was confi rmed. . Both years could be evaluated as humid. Total polyphenol concentrations in berry skin were higher in sunexposed grapes. 97 Likewise, increased vine water defi cit causes small increases in anthocyanins and decreases in fl avonols. 98 The effect of an attack with Botrytis cinerea as a biotic stress factor 99 infl uenced apparently higher content in the year 2001. Lesser content in the skins in comparison with the seeds could be caused by its metabolization 100 and by the fact that only free trans-resveratrol was determined. Higher levels of trans-resveratrol were found in blue varieties as compared with white ones, 11 because resveratrol is more sensitive to oxidation in white musts. 101 Statistically signifi cant differences were found between some varieties, especially Blue Burgundy x Bacchus, Royal, Kerner, Welschriesling and Kerner x Royal, St. Laurent, Zweigeltrebe and Royal x Welschriesling. Very low levels of trans-resveratrol in musts could be correlated with the activity of isoenzyme B 5 , whose activity is the highest at pH 3.0-4.0. 102 Abril and colleagues 103 evaluated concentrations of trans-and cis-resveratrol isomers of 98 commercial wines of the four designations of origin, from several vintages, and found concentration of trans-resveratrol ranging from 0.32 to 4.44 mg/L in red wines and from 0.12 to 2.80 mg/L in rosé wines. An improved method for resveratrol determination in 29 red Greek wines of appellation of origin was applied; 104 the concentrations found varied between 0.550 and 2.534 mg/L with the highest concentration for the grape variety Mandilaria.
Effect of growing locations (altitude, soil) and climatic conditions (temperature, sum of precipitation, vintage years) on major grape and wine antioxidants and antioxidant activity Statistical analysis of variance 61 (Table 4 ) revealed statistically signifi cant differences among vineyard regions and varieties in total polyphenol content in grape skins (p Ͻ 0.05). Multivariate analysis applied to the phenol compounds revealed both qualitative and quantitative differences in polyphenolic antioxidants of red and white Spanish wines of different geographical origin. 62 Kallithraka and colleagues 106 suggested some of the unexploited rare native Greek varieties contained appreciable amounts of noncolored phenols as well as anthocyanins as worthy of use for the production of quality wines. Furthermore, the antioxidant effi ciency of red wines tested appears to be largely infl uenced by the proanthocyanidin level, with anthocyanins playing a minor role. 107 Kallithraka and colleagues 104 determined that the red wines produced by grape varieties grown in the Greek islands were richer in trans-resveratrol. The results obtained by Sakkiadi and colleagues 43 the average levels of trans-resveratrol in red wine varied greatly from one region to another, but no specifi c region was signifi cantly different from all the others. 108 Intense UV irradiation leads to complete disappearance of trans-and cis-isomers of piceid and to a large decrease in resveratrol isomers content. 109 Effect of winemaking process and effect of storage conditions and wine age Phenol levels in wine and grape juice are affected by numerous processing conditions (crushing, pressing, sulphite addition, skin contact, oak aging). Lachman and colleagues 110 measured TAS values during the winemaking process with the DPPH assay and the ABTS assay ( Figure 8 ). The TAS of white wines was signifi cantly lesser in comparison with the red wines (Figures 9, 10) . White wines showed a median value of approximately 0.2 AAE as compared to the red wines (2.2 AAE) and had ten times as much TAS when determined by DPPH assay. In the ABTS assay, the AAE values were higher; the TAS increase was 3.7 times higher in the red wines in comparison with the white wines. The difference between the white wine varieties determined by both methods was nearly the same. The TAS values were strongly affected during the winemaking process. The highest values were determined in the St. Laurent variety with a high increase by week 4 (15.0 AAE by ABTS assay) and between weeks 6 and 7 (3.4 AAE by DPPH). A signifi cant difference was found between the blue and white varieties. The TAS found by ABTS and DPPH assays in the white and blue vine varieties differed signifi cantly, which is well in accordance with the recent data 111 suggesting a high polyphenol content in blue vine varieties. Statistically signifi cant differences were also found between individual blue vine varieties, contrary to white varieties.
The winemaking process strongly affected the TAS and it is evidently in close relation to the content of polyphenols 112 (TAS has been determined by different methods: ABTS, DPPH and ORAC (oxygen radical absorbance capacity). In red wines produced from blue vine varieties, mostly the anthocyanin content is affected by different vinifi cation methods. 113 According to our previous results, the stage of maceration in particular affects the total polyphenol content in red wines. Differences in the anthocyanin and tannin extractability in grapes during the wine-making process seem to be one of the main factors affecting anthocyanin and polyphenol content of wines. 114, 115 Our results are in good accordance with the results obtained by Villaño and colleagues 116 and confi rm the impact of oenological practices on the TAS of wines determined by ORAC, DPPH, and ABTS. The maceration and fermentation methods used for red wines (cold maceration for 14 days in our study) have a positive effect on the antioxidant potential. Free anthocyanins fraction is main responsible for of the total antioxidant capacity and scavenger activity of red wines. 117 Another very important factor infl uencing the TAS results (determined by ABTS and DPPH assays) in the study was the addition of SO 2 , which acts both as a reducing agent and provides antibacterial effects. The sharp TAS increase recorded between weeks 6 and 7 we ascribe mainly to the addition of SO 2 . From the linear correlation and regression analysis of the ABTS and DPPH assays of all wines, a medium correlation between ABTS and DPPH values has been found (r 2 = 0.7156 and r = 0.8459, y = 1.6597 + 1.3889x). In red wines (blue vine varieties), the results were similar ( Figure 11 ), and in white wines (white vine varieties), only a very weak correlation could be found. However, the lack of strong correlation between these two assays is likely attributable to the fact that every individual phenol compound contained in wine causes a different response to the specifi c radical used in the assay. These different phenol compounds contained in different concentrations depend on the selected technological procedure and duration of its individual phases (especially the period of fermentation, period of remaining in the barrel, and storage temperature).
A similar lack of correlation between the TAS measured by the Trolox equivalent antioxidant capacity (TEAC) assay and the other assays (ABTS, FRAP [ferric reducing ability of plasma]) was reported recently. 118 ABTS •+ and DPPH radicals have a different stereochemical structure and another method of genesis and thus they lend, after the reaction with the antioxidants, a qualitatively different response to the inactivation of their radical.
According to used winemaking technologies total antioxidant capacity determined by a chemiluminiscence assay also suffered a decrease; the highest decrease (30%-50%) was found after the clarifi cation procedure, which may be due to the fi ning agents used and to oxygen contact. 119 The possible industrial use of three previously selected Saccharomyces cerevisiae in musts derived from Tempranillo and Cabernet Sauvignon has been investigated recently. 120 With the exception of hydroxycinnamic acids, no particular infl uence of the yeast strain was observed on the remaining nonanthocyanin phenol compounds. Pyranoanthocyanins and metabolites resulting from the alcoholic fermentation such as tyrosol and tryptophol, seemed to be more infl uenced by the must composition and pH, and thus, by the grape variety, than by the yeast strain. According to technologically different winemaking procedures of white and red wines (in white wine vinifi cation mashing is lacking) it was found that at the end of the winemaking process red wines contained on average 1.426 g/L TP, whereas white wines only 0.162 g/L. 121 Thus, red wines contained on average two times more TP in comparison with grape must at the beginning of winemaking, whereas TP content decreased to 86% of origin content in grape musts. The highest TP contents were found in Pinot Noir (1.935 g/L), Zweigeltrebe (1.522 g/L) and Blue Portugal (1.318 g/L). Analysis of variance (Scheffé test) at level of signifi cance p Ͻ 0.05 showed statistically high signifi cance between red and white wines in TP content, Zweigeltrebe and all other varieties, St. Laurent and Blue Portugal from all other varieties except Pinot Noir. Variance analysis among wine growing areas also confi rmed highly signifi cant differences. The obtained results confi rm the suggestions 24 that the extraction of the phenolics was infl uenced by vinifi cation procedure, grape quality, and grape variety. We can confi rm the high infl uence of winemaking techniques on the polyphenolic composition as it has been referred to in specifi c Croatian wines. 33 White and red wines differed signifi cantly in TP content course during the vinifi cation process. In all measured cases from the preparation of must and its fermentation aging is the main factor infl uencing the antioxidant activity and TP contents of wines. During maturation, quantitative changes of catechins and oligomeric procyanidins were recorded. 35 Relative constant total polyphenol content in our results is in accordance with results of Echeverry and colleagues, 36 suggesting the relevance of qualitative changes of phenolics. It could be concluded that red and white wines differ not only in fi nal contents of phenolics, but also in their extreme increase in red wines during fermentation. Different evolution patterns during aging depending on the grape variety were also confi rmed. 39 Decrease is caused mainly by fl avanols condensation reactions. The impact of enological practices included maceration for red wines, pressing degree for white wines and clarifi cation in both types of wines on antioxidant activity of wines has been evaluated recently. 116 Maceration time had a positive effect on antioxidant potential of red wines depending on the variety and a pressure increase caused higher antioxidant activity of white wines. Red wines prepared from a single batch of Vinhão grapes treated with fi ning agents (polyvinylpyrrolidine, gelatin, egg albumin, and casein) as well as by carbonic maceration tended to have somewhat lower anthocyanin levels, but after two years storage the color density differences were negligible. 122 Analysis of variance (Scheffé test) at level of signifi cance p Ͻ 0.05 showed statistically high signifi cance differences of AA between red and white wines. AA increased during the wine-making process, especially in Zweigeltrebe, St. Laurent, and Pinot Noir wines, suggesting thus better AA of wines compared with grape juices at the beginning of the wine-making process. 123 The highest increase was determined during fermentation and maturation of wine.
Evaluation of stilbene levels 124 in grape skins of three Vitis vinifera varieties and in their corresponding wines made by traditional winemaking technologies revealed that there was a signifi cant correlation between the concentration of total piceid in grape skins and that in the respective wine.
In twelve bottles of Traminer (vintage 2000, late harvest, wine growing area Žernoseky), total content of polyphenols (TP) and resveratrol (RES) were investigated to determine the variability of the content of measured substances in various bottles of the same batch and from the same manufacturer. 125 Although the bottles were of the same batch with exactly the same conditions for bottling and bottle storage, the content of TP and RES slightly oscillated. The differences in the content of measured substances could be likely explained by storage and transport conditions (bottles placed in the upper part of a storage area are more exposed to light and temperature changes than bottles stored in lower layers. The packaging material can also infl uence the content of the measured substances. The outer conditions (light and heat exposure) can cause the degradation of anthocyanins. 126 It is possible to conclude that the light exposure causes signifi cant changes for anthocyanins, which can cause the differences in the content of total polyphenols. As it was determined in young red wines during 26 months of aging in bottle, 127 total anthocyanins markedly decreased. The occurrence of condensation reactions during aging in bottle was suggested, due to the disappearance of monomeric anthocyanins, an increase of catechins and procyanidins and a decrease of low-polymerized polyphenols. Lately the relationships between the color parameters and the phenol components (anthocyanins, pyranoanthocyanins, hydroxybenzoic and hydroxycinnamic acids, fl avanols and fl avonols) of young red wines were investigated. 128 It was found that for each variety the color parameters were correlated with the anthocyanins during aging in bottles. Finally, by the application of polynomial regression analysis, both anthocyanins (simple glucosides and acetyl-glucosides) and pyranoanthocyanins (anthocyanin-pyruvic acid adducts) were selected as the variables that best described the different color parameters during aging in bottles. The level of monomeric phenolics and low molecular-weight phenol oligomers decreases with age, while the level of high molecular-weight phenolics increases. 129 The total color of wines is an aggregate number of three components: copigmentation (8%-30%), total free anthocyanins (24%-35%), and polymeric pigment (35%-63%). 130 The level of copigmentation can be almost completely described by the levels of monomeric pigments and not by the tannin content as has often been suggested. A progressive decline in both antioxidant capacity and total anthocyanin content of a grape skin ingredient (43% and 40% decrease, respectively) was observed over a 60 day storage period (45 °C and 75% relative humidity), demonstrating its weak stability under these conditions. 128 The pyranoanthocyanins of cyanidin, petunidin, malvidin and pelargonidin showed a high capacity to scavenge superoxide anion radicals but did not scavenge hydroxyl radicals. Current data indicate that formation of anthocyanin adducts with pyruvic acid, which may occur during wine aging or fruit juice processing, decreases the hydroxyl and superoxide anion scavenging and thus could decrease the antioxidant potential of these compounds. 131 Younger wines had higher concentrations of copigmented, monomeric and total anthocyanins than did older wines. 132 The ratios anthocyanins/proanthocyanidins and anthocyanins/(proanthocyanidins + catechins) are proposed as probable indicators of the aptitude for wine aging. 133 The assay methods 134 on red wines aged in barrels and botttles showed different behaviors for the same wines, thus the young wines presented higher indices for ABTS, DPPH and DMPD (a mechanism that predominates in this assay method, is sharply reduced when it coincides with the formation of more complex and stable compounds, such as newly formed pigments (vitisins, pyro-anthocyanins, arylanthocyanins), whereas those that were aged showed higher indices for antioxidant activity. The latest reported results 135 dealing with the investigation of polyphenol content, antioxidant activity, reducing power, color and changes during storage of selected Hellenic varietal white wines in bottles for the period over nine month showed that the contents of most studied phenols (caftaric, coutaric, fertaric and gallic acids, (+)-catechin, (−)-epicatechin)) diminished with time (with exceptions of caffeic, ferulic and p-coumaric acid), but antioxidant activity increased with storage whereas reducing power was not signifi cantly affected. Accelerated browning increased the concentrations of hydroxycinnamic acids and gallic acid while (−)-epicatechin decreased.
Effect of antioxidants from winemaking wastes
The feasibility of extracting antioxidant compounds from winemaking wastes (grape stalks and marc) by solvent extraction was recently assessed. 136 Together with the type of raw material they also investigated the infl uence of some process parameters on fi nal antioxidants yields and extract purity: a treatment, type of solvent (ethanol or a mixture of ethylacetate: water = 9:1), temperature (28 °C or 60 °C) and length of maceration (5 or 24 h). Solvent and temperature were statistically infl uent (p Ͻ 0.05), and the yields were higher with ethanol (but with lower purities) and at 60 °C. The results of Bonilla and colleagues 137 revealed a higher extraction of phenol compounds from red grape marc for use as food lipid antioxidants by the ethyl acetate acting on crushed marc, so the cost of this last operation can be largely compensated. Antioxidant activity of the phenols of the extract was close to that of BHT, mostly because of its catechin content. Grape cane waste could be used as a potential source of high-value phytochemicals with medicinal and anti-phytopathogenic applications. 58 Extraction yields of trans-resveratrol and trans-viniferin from Vitis vinifera cv. Pinot Noir grape cane were 3.45 ± 0.04 and 1.30 ± 0.07 mg/g DM, respectively. The study suggested that these compounds can be quantitatively extracted from grape cane residue using low-cost, environmentally benign, and nontoxic aqueous alcoholic solvent systems such as ethanol:water mixtures. Ethanol extract of winery waste exhibited the highest antioxidant activity 138 compared to the other solvent extracts, to synthetic food antioxidants BHT, ascorbyl palmitate and to the natural food antioxidant, vitamin E. High performance liquid chromatography (HPLC) analysis of the extracts showed that gallic acid, catechin, and epicatechin were the major phenol compounds in winery waste. Hydroxytyrosol, tyrosol, anthocyanidin glycosides, and various phenol acids such as caffeic, syringic, vanillic, p-coumaric and o-coumaric acids were also identifi ed. Seeds of red grape varieties as dietary supplement could be recommend 139 due to high amount of total phenolic contentand antioxidant activity. While (+)-catechin (4.71-23.8 mg/g seed) was found as main fl avanol, galloylated catechin monomer and dimeric procyanidin amounts varied between 2.89-17.2 and 0.97-2.97 mg/g seed, respectively. Other two by-products of the winemaking process, namely stem and pomace, of Manto Negro red grape variety native to Mallorca have been characterized recently. 140 These products present considerably high contents in dietary fi bre with associated polyphenols and excellent antioxidant properties, particularly in the case of the stem, which confer on them a wide range of applications as food ingredients. The pomace has high protein (12.2%), oil (13.5%) values, and the stem large amounts of extractable polyphenols (11.6%). Red grape wine lees added to ice cream 141 improved its rheological properties and increased radical scavenging activity.
Conclusion
In conclusion, the present fi ndings support our knowledge from experimental and epidemiological studies, suggesting that the supply of antioxidant phenols through a moderate daily consumption of red wines may provide additional protection against in vivo oxidation and other damages of cellular bioconstituents. Thus, vine-breeders and wine producers can try to produce grape products and wines with the highest content of phenolic antioxidants and antioxidant activity, as well as with the optimal organoleptic properties.
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